Cancer-testis antigens (CTAs) are a group of tumor associated antigens with a restricted expression pattern in normal gametogenic tissues but expression in a broad range of malignancies. Their expression pattern has made them potential targets for immunotherapy. However, expression of some of these antigens has been demonstrated in normal stem cells as well as cancer stem cells (CSCs). As CSCs have been shown to be sources of metastasis and tumor recurrence, novel therapies are being focused on their eradication. On the other hand, CTA expression in normal stem cells raises the possibility that CTA based immunotherapies cause side effects in normal tissues.
Introduction
Cancer-testis antigens (CTAs) are a group of tumor associated antigens whose expression has been demonstrated at both mRNA and protein levels in different cancer cell lines and tissues, along with normal testis, ovary and trophoblast (Ghafouri-Fard et al., 2010a; Ghafouri-Fard et al., 2010b; Dianatpour et al., 2012; Ghafouri-Fard and Modarressi, 2012; Ghafouri-Fard et al., 2012b) . In addition, their expression has been demonstrated in various types of stem cells including mesenchymal stem cells (MSCs) of different adult and fetal tissues (Cronwright et al., 2005; Saldanha-Araujo et al., 2010) , CD34+ hematopoietic stem cells (Steinbach et al., 2002) and embryonic stem cell lines (Lifantseva et al., 2011) .
Although the function of all CTAs has not been defined yet, they are thought to contribute in early phases of embryonic development and in stem cell self-renewal. Heterogeneous expression of these antigens in tumor tissues along with other evidences have implied that expression of these antigens in tumor tissues is limited to cells that have stem cell properties (Ghafouri-Fard and Modarressi, 2009; Ghafouri-Fard et al., 2012a) .
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Soudeh Ghafouri-Fard are mainly driven by a small population of stem cells which similar to normal tissue stem cells are capable of self-renewal (Tabarestani and Ghafouri-Fard, 2012) . A recent study has demonstrated preferential expression of a significant number of cancer-testis (CT) genes in cancer stem cells (CSCs)/cancer-initiating cells (CICs), hence suggested a new sub-category of CT genes named cancer/ testis/stem genes (Yamada et al., 2013) . Another study in glioma cell lines and tissues has shown common and high expression of CTA genes in cancer stem cells compared with differentiated cells. Furthermore, epigenetic studies of promoter regions of CTA genes in cancer stem cells have revealed hypomethylation and high histone acetylation compared with differentiated cells (Yawata et al., 2010) .
CTA Applications in Immunotherapy
The existence of blood-testis barrier (also called Sertoli cell barrier) and the lack of HLA class I expression in the germ cells have made testis an immune-privileged site which has provided scientific basis for the recruitment of CTAs in immunotherapeutic approaches (Ghafouri-Fard, 2012b) . Currently, tens of clinical trials are being conducted in cancer patients using CTAs and some of them have shown promising results. Expression of CT genes in CSCs may provide special targets for treatment of cancer recurrences and metastasis (Ghafouri-Fard, 2012a;
Ghafouri-Fard and Modarressi, 2012). CTA genes have been suggested as suitable targets for immunotherapy against cancer stem cells in some tumor types (Yawata et al., 2010) . However, the potential off-target effects on MSCs should be considered in such therapies (Saldanha-Araujo et al., 2010) 
Biological Roles of MSCs
MSCs are multipotent stromal cells with ability to differentiate into a range of cell types, such as osteoblasts, chondrocytes and adipocytes. Historically, they were first found in bone marrow, but their presence was later shown in almost all adult and fetal human tissues (Covas et al., 2008) . The most relevant function of MSCs in immunotherapeutic approaches is their potent immune suppressive function. The immunomodulatory function of MSCs has been demonstrated to be performed via inhibition of many immunogenic processes such as T cell and NK cell proliferation, B cells and dendritic cells (DCs) maturation and cytotoxic T cells generation, along with induction of regulatory T cells (Tregs) (De Miguel et al., 2012) . MSC-induced tolerance has been shown to be useful in allogeneic transplantations to decrease the incidence of graft-versus-host disease. In addition, MSCs are genetically engineered to express molecules acting against the autoimmune process (Jorgensen et al., 2003) .
Conclusion
CTA based immunotherapeutic approaches has been considered to have the advantage of decreasing tumor burden with the minimum side effects in normal tissues which is provided by limited expression pattern of such antigens in normal tissues. Additional findings of their expression in CSCs have increased the hope that CTA based therapies can eradicate CSCs. However, recent findings have indicated that some of them are expressed in normal stem cells. NY-ESO-1 is among CTAs whose expression has been demonstrated in MSCs (Cronwright et al., 2005) . This tumor associated antigen has been applied in several clinical trials with promising results in some of them. Despite its expression in normal MSCs, NY-ESO-1 based immunotherapies have been well tolerated which has been attributed to the difference between the pattern of NY-ESO-1 expression in normal and cancerous tissues (Hayes et al., 2014) . As MSCs are considered to have immunomedulatory effects, the potential effect of CTAbased immunotherapies on these cells may be useful in mounting immune response. Considering the fact that tumor-driven immune evasion is mainly exerted via Tregs, this population of T cells represents ideal targets for testing new anticancer treatment modalities (Curiel, 2007) . Future studies can evaluate the effect of MSC inhibition as well as Treg inhibition on the outcome of cancer immunotherapy. However, if immunotherapeutic approaches targeted against a certain CTA cause adverse off-target effects in tissues containing MSCs, other CTAs with no or lower expression in MSCs might be considered for substitute employment in clinical trials.
